Abstract. The continuous casting process is used for the solidification of molten steel into semifinished shapes. To improve billet quality and the trackability and stability of secondary cooling water during continuous casting, the tundish temperature was introduced into the water distribution for secondary cooling to design the relevant control system, based on the water distribution model, tundish temperature, surface temperature and fuzzy self-adaptive PID. The solidification model calculated the prime water distribution according to procedure parameters. And the other two control strategies adjusted it on line. The control system has been applied on some caster and the effect is obvious, which indicates that the dynamic control system is better than the conventional open-loop system.
Introduction
The continuous casting process is the method for the solidification of molten steel into semifinished shapes such as blooms, billets and slabs [1] . Fig.1 shows the bow continuous caster, found in most steel plants in the world. To provide the background to this work, a brief description of the continuous casting process is given. After the correct metallurgical composition of the steel has been achieved, the liquid steel is transported to the continuous caster in a ladle. Then the liquid steel in the ladle is poured into the tundish, which is a container directly below the ladle, and contains a certain level of molten steel. At the bottom of the tundish, a stopper rod controls the flow rate of molten steel into the mould. The mould is square in shape, approximately one meter long, and is open at the bottom to permit the flow of solidified steel out of the mould. Heat is extracted from the steel by a water-cooled copper sheath, and a shell of solidified steel grows. The mould is also to support the liquid steel until the strand can sustain pressure from the liquid steel when it reaches the secondary cooling zone (SCZ), where further cooling takes place by means of water sprays. Water-cooled rollers support the strand. On exit from the SCZ, the strand cools off by radiation, after which it is cut into strips, and transported to rolling mills for further processing [2] .
The secondary cooling of continuous casting directly affects the billet quality [3] . The variation of casting speed during the start casting is severe. The casting speed changes from 0 to 1.5 meter percent minute during half one minute, which is one challenge for the adjusting performance of the secondary cooling control system of continuous casting.
The tundish temperature is taken into account for the secondary cooling dynamic control system of continuous casting. To eliminate the effect of tundish temperature variation, water compensation is calculated by model and the coefficient values of equations with one variable are obtained through linear regression. The fuzzy self-adaptive PID controller is designed for the severe variation of casting speed. Figure 2 shows the designed block diagram of the secondary cooling dynamic control system. 
Design of the Fuzzy Self-adaptive PID Controller
One fuzzy self-adaptive PID controller is composed of one PID self-setting unit and one PID fuzzy self-regulating unit. The PID self-setting unit consists of improved PID controller, critical parameter detecting model and PID parameter calculating model. The fuzzy self-regulating unit comprises fuzzy self-regulation model and self-adaptive model to fuzzy PID parameters [4] [5] [6] .
Self-setting Principle of Fuzzy PID Parameters
According to the error of the controlled device response on the sampling time (E) and the change rate of the error (EC), the PID parameters' polarity and magnitude are determined. The static performance and dynamic performance of the controlled device response are considered at the same time. Guideposts are fuzzificated by corresponding rule sets. And the corresponding parameter amendment is got if there is the same rule in the knowledge base Figure 3 shows self-setting process of fuzzy PID parameters. 
Self-Regulating Model of Fuzzy PID Parameters
The core of designing the fuzzy PID controller is to set up the proper fuzzy rules model of the controlled process by summing up expert experience and knowledge. Proportion factor (K P ), integrating element (K I ) and differential element (K D ) are the base parameters, affecting the PID performance. K P can accelerate the system response and improve the adjustment accuracy. K I can eliminate the steady-state error of the control system. And K D can improve the dynamic state performance of the control system.
According to technology features and operating experiences of continuous casting, three sets of fuzzy rules are established. Table 1, Table 2 and Table 3 show the details. 
Adjustment Control Strategy Based on Fuzzy Self-adaptive PID
Applying the fuzzy rules, the PID parameters are self corrected. Firstly, E and EC are fuzzificated and the membership grades of the relevant fuzzy subsets are determined. Secondly, the adjusting process of the PID parameters is expressed by the fuzzy self-regulation model. Lastly, the fuzzy matrix tables are inferred by fuzzy fusion.
According to the self-setting structure of fuzzy PID controller, it is one fuzzy control system of two inputs and three outputs. And it can be changed to three subsystems of two inputs and one output. After the three self-regulation models are gained, the corresponding control tables,  K P,  K I and  K D , are solved, which are changed to the homologous values. The above values are substituted into equation (1), equation (2) and equation (3) . So the final results are calculated.
Application and Discussion
The dynamic control system has been applied in some steel plant. The steel grade is L1008, the size of cross section is 150×150 mm and the liquid line temperature is 1524 o C. Figure 4 shows the surface temperature curves before and after applying the dynamic control system. The curve after applying the system is relatively smooth and is out of embrittlement temperature region, which means that the surface temperature is well controlled by the new system.
However the temperature curve slightly fluctuates sometimes. The probable factors are as the following:
(1) The gathered temperature signal is distorted because of the scale and the cooling water on the surface of the strand. A filter program is proposed to solve the problem.
(2) The control system of continuous casting is a typical time delay system. The strand passes the SCZ in a few minutes, and so the controlled segment may be different with the target. For the previous factors, some farther research is necessary.
All work is to improve the quality of the strand. Figure 4 shows the micrographs before and after applying the control system. Central crack is severe for improper cooling water before the dynamic control system is applied. And the quality of the strand is obviously improved after applying the proposed system, which shows that the dynamic control system is effective for billet continuous casting. 
Conclusion
The tundish temperature by the continuous thermodetector is introduced into the water distribution for secondary cooling. Based on the distribution model, tundish temperature, surface temperature and fuzzy self-adaptive PID, the relevant dynamic control system is proposed. The proposed system has been applied on some caster and the controlled temperature curve is better than the one before. The quality of the strand is obviously improved and the monthly retirement amount is largely reduced in the rolling mill from 80 tons to 20 tons. It can be obtained that the dynamic control system is practical and has a favorable foreground.
